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It is well established that plate tectonic processes operate on a global scale and that spatially
separate but temporally coincident events may be linked. However, identifying such links in the
geological  record  and  understanding  the  mechanisms  involved  remains  speculative.  This  is
particularly poignant during major geodynamic events, such as the dispersal of supercontinents
where multiple  axes  of breakup may be present  as  well  as coincident  collisional  events.  To
explore  this  aspect  of  plate  tectonics,  here,  we  present  a  detailed  analysis  of  the  temporal
variation in the mean half rate of seafloor spreading in the Indian and Atlantic Oceans, as well as
plate kinematic attributes extracted from global plate tectonic models during the dispersal of
Gondwana since  ~200 Ma.  Our  analysis  shows that  during  the  ~20 Myrs  prior  to  collision
between India and Asia at ~55 Ma there was an increase in the mean rate of seafloor spreading in
the Indian Ocean. This manifests as India rapidly accelerating towards Asia. This event was then
followed by a prompt deceleration in the mean rate of Indian Ocean seafloor spreading after
India collided with Asia at ~55 Ma. Since inception, the mean rate of seafloor spreading in the
Indian Ocean is generally greater than the Atlantic Ocean, and the period of fastest mean half
spreading rate in the Indian ocean is coincident with a slowdown in mean half seafloor spreading
rate in the competing Atlantic Ocean. We hypothesise that faster and hotter seafloor spreading in
the  Indian  Ocean  resulted  in  larger  ridge  push  forces,  which  were  transmitted  through  the
African plate leading to a slowdown in Atlantic spreading. Following collision between India
and Asia,  and a slowdown of Indian Ocean spreading, Atlantic  spreading rates consequently
increased again. We conclude that the processes in the Indian and Atlantic oceans have likely
remained coupled throughout their existence and that their individual evolution has influenced
each  other,  and  that  more  generally  spreading  in  one  basin  inevitably  influences  proximal
regions. Whilst we do not believe that ridge push is the main cause of plate motions, we consider
it  to  have  played  a  role  in  the  coupling  of  the  kinematic  evolution  of  these  oceans.  The
implication of this is that during supercontinent dispersal interaction and competition between
































Since the advent of plate tectonic theory by numerous workers , following earlier the concept of
continental drift , a considerable effort has been devoted to understanding the past locations and
movements  of tectonic  plates  ,  as  well  as the  mechanisms driving their  movement  .  Recent
compilations of global plate kinematics have led to an ever increasing understanding of global- ,
and regional-scale  plate tectonic processes.
Each of these models however comes with their own assumptions and simplifications depending
on the  data  used  as  constraints  and the scientific  question  being evaluated  .  Recently,  plate
tectonic models have included smaller plates as separate entities , accounted for deformation of
continental regions , and used more detailed datasets from the ocean basins to understand past
plate  trajectories  .  However,  significant  questions  remain  regaining  linking  plate  kinematic
processes to reconstructions due to the error inherent to many plate models .
Such models  have  shown the  complexity  of  plate  tectonic  processes,  but  also  that  spatially
separate, yet temporally coincident and distinct, events can influence one another . For example,
spreading on one  ocean ridge  may result  in  cessation  of  spreading  in  adjacent  regions  e.g.,
transfer of spreading from the Aegir to the Kolbeinsey ridge during the opening of the North East
Atlantic  Ocean resulting in isolation of the Jan Mayen Microplate  Complex . Or continental
collision may cause regional kinematic reorganisation e.g., inversion of passive margins in the
North Atlantic . Moreover, inversion of distal pre-existing structures as a result of ‘far-field’
tectonic  processes  is  well  documented,  although  the  difficulty  in  dating  such  deformation
accurately is apparent . 
However, the precise nature of such connections and the mechanisms involved are the subject of
speculation . As such, this topic is explored herein by considering the spatiotemporal relationship
between the evolution of the Indian and Atlantic Oceans during the disintegration of Gondwana .
These two ocean basins were chosen as they both opened during the dispersal of Gondwana, and
thus, it is likely that their histories are somewhat linked. Moreover, the dispersal of the latest
supercontinent Pangaea, including its southern constituent Gondwana, remains a topic of intense





























disintegration .  Coupling of the motions of the South American and African Plates has been
previously suggested  but the mechanisms involved, and the links to Indian Ocean processes,
including the India-Eurasia convergence and collision, required further evaluation. 
This is achieved using a quantitative approach based on published models and data. In order to
evaluate this relationship, we present an analysis on the temporal variation in the rate of seafloor
spreading in the Indian and Atlantic Oceans , as well as plate kinematics from published global
plate tectonic models . The use of global, rather than regional, models is required to address the
scale of the problem evaluated herein. However, it must be noted that when global plate tectonic
reconstructions are compiled from constituent regional models, there are often discrepancies that
need to be addressed which is considered in detailed in the article.
As  a  result  of  our  analysis,  we  hypothesise  that  events  in  the  Indian  Ocean  had  profound
influence on the evolution of the Atlantic Ocean. Specifically, we postulate that spreading in the
Indian and Atlantic Oceans was, at times, coupled during the dispersal of Gondwana which may
have occurred via stress transmission through the African continent. Previous work also implies
that the position of Africa within the disintegrating Gondwanan continent is critical  as it has
recorded much of the complex history of plate interactions which have progressively fragmented
Gondwana since the Early Mesozoic . The interplay, and competition, between these two ocean
basins during Gondwana/Pangaea’s dispersal has profound implications for our understanding of
supercontinental dispersal as it shows how the multiple axes of breakup may interact to influence
resultant continental configurations. In addition, we show that collision between India and Asia
may have influenced the opening of the distal Atlantic Ocean. Specifically, this work indicates
that spreading ridges are capable of coupling and decoupling plates from one another. 
GEOLOGICAL SETTING: OPENING OF THE ATLANTIC AND INDIAN OCEANS
Gondwana was constructed during the Pan-African orogeny between ~720 and 550 Ma , which
brought together the present day landmasses of Africa, Antarctica, Australia, India, the Middle
East, North America, and South America. The collision of Laurentia, Baltica and Siberia with
Gondwana  at  ~320 Ma resulted  in  the  Variscan  orogeny along  the  north-eastern  margin  of
Gondwana  and  formation  of  the  supercontinent  Pangea,  surrounded  by  the  near  global






























By ~300 Ma, renewed subduction and accretion along the southern margin of Gondwana  led to
N-S compression and the development of the Cape Fold Belt in South Africa . This compression
likely also drove the overall E-W extension along the Karoo rift system  between 220 and 290
Ma  ,  which  exploited  pre-existing  basement  weaknesses  .  Following  the  cessation  of
compression along the Cape Fold belt, a substantial period of quiescence ensued along the Karoo
rifts  and rejuvenation of rifting did not occur until the Early Jurassic (Toarcian), coincident with
eruption of the Karoo large igneous province in Mozambique. This Early Jurassic rifting at ~182
Ma culminated in the breakup of East and West Gondwana, which had thus remained intact for ~
500 Myr. The eventual breakup was highly influenced by structural inheritance , magmatism,
and rift obliquity  producing complex styles of deformation .
Although the dispersal of Gondwana produced many complexities, the major products were the
opening of the Indian and Atlantic Oceans (specifically the South and Central Atlantic Ocean) as
shown  in  Figures  1  and  2.  Thus,  the  temporal  evolution,  tectonic  interplay,  and  kinematic
considerations of these two major ocean basins is of paramount concern in not only unravelling
the processes driving Gondwana’s dispersal, but also of supercontinents and plate tectonics in
general.  systematically modelled plate boundary evolution and oceanic crust surrounding the
African plate from Jurassic to Present based on updated interpretation of magnetic, gravity and
other geological and geophysical data sets. Here, we build on this work with an analysis of 
METHODOLOGY
Here,  we  use  published  plate  tectonic  kinematic  models,  compilations  of  seafloor  age  and
spreading rate histories to investigate how processes in the Atlantic and Indian Oceans may have
influenced one another  during the disintegration of Gondwana.  We then use these results  to
consider the implications for regional geodynamics,  intraplate deformation in Africa, and the
relationship to global processes. 
Plate kinematic analysis
An analysis of the kinematics of Gondwana’s constituent parts was undertaken using published
reconstructions  in  GPlates  2.2.0.  GPlates  is  an  open  source  plate  tectonic  visualisation  and





























of Euler poles describing the motions of separate plates, can be modified and evaluated . This
software has been utilised previously for numerous plate tectonic studies , including recently the
development of deformable plate models .
In GPlates, velocity magnitude (cm/yr) was extracted from the reconstruction of  for the major
plates that constituted Gondwana. These data were extracted from the global models at timesteps
of 1 Myrs with respect to a fixed African plate. Africa was chosen as the reference point as this
continent  divides  the  Indian  and Atlantic  Oceans  (Figure  2).  The  model  was  utilised  as  it
provides a complete  global compilation of late Palaeozoic to present-day plate motions with
evolving plate  boundaries.  Nonetheless,  it  must  be  recognised that  such global  models  have
inherent problems, often arising due to the compilation of regional models. For example, Central
Atlantic Ocean opening is known to be highly complex and the timing is debated  which may not
be reflected in global models such as . 
Seafloor spreading history evaluation
The global seafloor age, the age uncertainty, the half spreading rate and the spreading asymmetry
compilations of  were used in this study. These data have a resolution of 2-arc minutes and
include data from all the major ocean basins as well as back arc basins. Although the quality of
this dataset is variable, for the major ocean basins studied herein, the age uncertainty is minimal
compared to more marginal seas. The  data however do not incorporate some of the complexities
of  passive  margin  structure,  such as  the  highly  variable  nature  of  continent-ocean transition
zones .
The half rate of seafloor spreading grid was discretised into 1 Myr intervals based on the  age
grid.  Then the mean half  rate  of seafloor  spreading was calculated  for each separate  1 Myr
interval in both the Atlantic and Indian Ocean basins (Figure 2). The result of this is an averaged
half  rate  of  seafloor  spreading through time for  the  Indian  and Atlantic  Oceans,  allowing a
quantified  comparison  to  be  made.  For  the  purpose  of  this  study the  Central  and  Southern
Atlantic Oceans are grouped together and termed the ‘Atlantic Ocean’. 
RESULTS 





























The velocity magnitude of the major constituent plates of Gondwana is shown in Figure 3 with
respect to a stable Africa based on the reconstruction of . Up until ~125 Ma, all the constituents
of  Gondwana,  with  the  exception  of  South  America,  moved  with  similar  velocities  to  one
another.  At  ~125 Ma a  major  kinematic  reorganisation  is  apparent  after  which  Gondwana’s
constituents moved more independently of one another and do not show such similar kinematics
to one another as before this event. At this time, a marked decrease in the velocity of India and
cessation of Madagascar’s movement is coincident with an increase in the velocity of South
America, Australia and Antarctica. It can be seen that between ~80-125 Ma the Indian continent
moved slower than Antarctica,  Australia  and South America.  However,  the Indian continent
accelerated  rapidly  from  ~80  Ma  onwards,  coincident  with  a  decrease  in  the  velocity  (or
termination of movement)  of the aforementioned plates.  However,  this  deceleration does not
occur simultaneously in all modelled plates, with a slight variation in the times in which different
plates start to decelerate. At ~50 Ma there is a rapid deceleration of the Indian plate, coincident
with a marked acceleration in the velocity of Australia, and a slight increase in the velocity of
South America. 
Spreading histories of the Indian and Atlantic Oceans
The mean half rate of seafloor spreading through time in both the Indian and Atlantic Oceans is
shown in Figure 4. It can be seen that for the majority of its existence the mean half rate of
seafloor spreading in the Indian Ocean exceeded that of the Atlantic Ocean (as defined herein –
Figure 2). The most significant velocity excursion, occurring between 45-65 Ma, is marked by an
almost doubling of Indian Ocean spreading rates, whilst a contemporaneous and proportiaonal
slowing of spreading in the Atlantic Ocean also occurred at this time. It appears, therefore, that
significant  and long-lived increases in mean half  spreading rate of the Indian Ocean may be
coincident with decreases in half spreading rate in the Atlantic and vice versa, suggesting that
spreading in these two ocean basins may be somewhat coupled. There are only two periods in the
record in which half spreading rate in the Atlantic was greater than that of the Indian Ocean,
~140 Ma and ~30 Ma. These two intervals also represent anomalous incidents in which the half
spreading rate in the Atlantic Ocean does not appear coupled with the mean Indian Ocean mean
half  spreading  rate.  Further  incidents  in  which  the  coupling  of  Atlantic  and  Indian  Ocean































Indian Ocean mean half spreading rate do not correspond to notable slowdowns in the Atlantic
Ocean. 
The relative  velocity  changes  in the Indian  and Atlantic  Ocean are of significantly  different
magnitudes, with an increase in Indian Ocean spreading rates of ~39 mm/y (i.e. from ~33 to ~72
mm/y) and contemporaneous decrease in Atlantic spreading rates of ~9 mm/y (i.e. from ~26 to
17 mm/y).
DISCUSSION 
The relationship between Indian and Atlantic spreading with the India-Asia collision
The results  presented  herein  suggest  a  compelling  relationship  between the  evolution  of  the
Indian and Atlantic Oceans in which their mean half spreading rates are inversely coupled for the
majority of their histories (Figure 4). Prior to 60 Ma, steady state ocean spreading in both the
Indian and Atlantic oceans prevail for ~ 40 Ma, however, between 60 - 45 Ma, an increase in
spreading rates within the Indian Ocean are coincident with a slowdown of Atlantic spreading.
During this ~ 15 Ma period, an overall decrease in the rate of Indian spreading is coincident with
a return to  higher  spreading rates  in  the Atlantic.  This  has significant  implications  for  plate
kinematics during the dispersal of Gondwana (Figure 3) and we propose that the closure of the
Tethys ocean and subsequent India-Asia collision played a significant role in controlling both
Indian and Atlantic Ocean opening kinematics. Previous work attributes this kinematic change to
arrival of a postulated Réunion plume head . 
Steady state spreading in the Indian and Atlantic Oceans, prior to ~60 Ma, was coincident with
the closure of the Tethys Ocean, where subduction related forces are therefore also likely to have
been steady state.  Increased  Indian  ocean spreading rates  at  ~60 Ma are  attributed  to  ridge
subduction in the Tethys Ocean, effectively doubling subduction related forces onto the Indian
ridge and resulting in faster spreading. The increase in spreading rate would have resulted in a
younger and more uplifted ‘hot & fast’ spreading centre in the Indian Ocean, which would have
generated  stronger  ridge  push  forces  against  both  Asia  and  Africa.  The  contemporaneous
slowdown of spreading in the Atlantic Ocean suggests that ridge push forces of the Indian ocean





























Atlantic spreading. Consequently, the slower Atlantic ridge would also become cooler and more
subsided, generating less ridge push, i.e. lower force, until the system reached equilibrium. Then,
at ~55 Ma, the collision of India with Asia (resulting in the Himalayan orogeny) led to a slowing
down of  Indian  Ocean spreading .  Indian  Ridge push forces  therefore  became reduced and,
consequently, Atlantic spreading sped up again. 
Figure  5  shows a  schematic  depiction  of  the  Indian  and Atlantic  Ocean  evolution,  and  the
relative forces at play in the coupling of Atlantic and Indian spreading rates.  demonstrated that
two unconformities, of early Eocene and latest Miocene age, can be traced over much of the NE
Indian Ocean, with the Eocene event following collision of India with Asia, and the Miocene
event corresponding to the onset of north-south compression in the Indian plate during rapid
uplift in Tibet and the Himalayas. This demonstrates that India-Asia collision not surprisingly
resulted in major stress changes in the Indian Ocean.
As  previously  noted,  the  relative  velocity  changes  in  the  Indian  and Atlantic  Ocean  are  of
significantly different magnitudes, with a much greater increase in Indian Ocean spreading rates
compared to the contemporaneous decrease in Atlantic spreading rates (Fig. 4). We propose that
this inequal variation in spreading rates is possibly due to the different relative magnitudes of
subduction  related  forces  compared  to  ridge  push  forces,  where  subduction  forces  are
approximately  an order of  magnitude  larger  and thus impart  a  significant  increase in  Indian
Ocean spreading rates,  yet the resulting relatively lower increase in Indian ridge push forces
result in a modest reduction of Atlantic spreading rates. There are intervals where the Indian and
Atlantic Ocean spreading does not appear coupled. A number of explanations exist to explain
this phenomenon including, but not limited to, inherent problems in the reconstructions used as
well as localised processes that do not influence both ocean basins equally, e.g. subducting slab
interactions with the mantle transition zone .
Intraplate deformation in Africa
If  the  spreading  histories  of  the  Indian  and  Atlantic  oceans  have  indeed  remained  coupled
through stress transmission via the African continent separating them, then one would expect
geological evidence to exist recording this intraplate deformation. Elsewhere, stress transmission






























For  example,   documented  three  periods  of  inversion  in  the  North  Atlantic-western  Alpine-
Tethys realm mostly on seismic reflection data on the continental margins. 
It has been shown that the present-day stress fields in continental Africa are a product of the
gravitational  potential  energy of  the  ridge  system surrounding the  plate  in  conjunction  with
lateral  variations in lithospheric  structure within the continent  regions  and also that  palaeo-
stresses may have influenced the evolution of intracontinental sedimentary basins . 
Offshore East Africa, Late Cretaceous inversion structures have been identified within the Lamu,
Mandera-Lugh and Morondava Basins of Kenya, Somalia, and Tanzania respectively . Also at
this time, compression along arches in Tanzania is thought to be related to regional northwest-
directed compression caused by Indian Ocean spreading  and references therein) and in Niger,
transtension along the Téfidet trough is also thought to have resulted from NW-SE compression .
In Africa, the majority of studies on intraplate deformation focus on the Alpine-Tethys realm,
including the role of Iberia . However,  suggest that some of the misfit problems encountered
when reconstructing the pre-breakup configuration of the South Atlantic can be accommodated
through  intraplate  deformation  in  Africa,  as  well  as  South  America.  In  addition,   consider
Africa’s position within the disintegrating Gondwanan continent to be pivotal as it records much
of the deformation history through the formation of rift basins contemporaneously with rifting
and  breakup  of  the  future  Indian  and  Atlantic  Oceans.   meanwhile  suggest  that  during  the
Cretaceous Africa may be considered to comprise multiple plates, again providing a mechanism
to accommodate this intraplate deformation. 
Coupling of Indian and Atlantic spreading in the context of global events
Previous  work  has  argued  for  a  link  between  relatively  local  geological  events  and  global
tectonic processes, including major kinematic reorganisations . In this study we have focused on
a systematic analysis of spreading histories in the Indian and Atlantic oceans and associated plate
kinematics, with a specific focus on elucidating the processes driving and controlling the nature
of Gondwana’s dispersal . Previous work however notes that some of the highlighted events may
in fact be global in nature . For example,  recognise a global plate reorganisation at 100-105 Ma





























is evidence that compressional stresses increased in some plates, and that basin instability in
Africa and western Europe further demonstrates that lithospheric stress regime changes were
widespread at this time. 
In addition,  the India-Eurasia  collision  occurs  at  a  similar  time to  many other  major  global
geodynamic events. For example, kinematic changes associated with the opening of the Labrador
Sea and Baffin Bay , and other phenomena such as initiation of spreading at ~55–56 Ma in the
Norway Basin . Previous work has considered the potential coupling of Africa and India during
Late  Cretaceous  and early  Cenozoic,  and that  events  in  the Indian  Ocean may be linked to
changes in the North Atlantic region .  In combination  these occurrences may suggest a global
revolution,  and perhaps a  deeper  connection  than  the  coupled  links  between the  Indian  and
Atlantic Ocean. 
The coupling of these ocean basins may well  exist,  but alongside the aforementioned global
events one cannot rule out that this coupling extends to a more global scale and deeper processes
than the ridge-push model proposed here. In addition, it is possible that coupling of Indian and
Atlantic Ocean processes has been intermittent, requiring further investigation. Thus, although
our results indicate that spreading in the Indian and Atlantic Oceans were likely coupled during
Gondwana dispersal, further work is needed to reconcile these tectonic events and mechanisms
with the evolving global plate tectonic system. As new marine geophysical data is obtained, the
coming decades may reveal answers to these fundamental aspects of plate tectonics. 
Reliability and variability of Gondwana reconstructions
The kinematics of Gondwana’s dispersal is depicted differently in various reconstructions. This
is a product of both data availability, interpretation and modelling parameters,  as well as the
intended  purpose  of  the  model.  Previous  work  notes  the  many  complexities  involved  in
reconstructing Gondwana, suggesting that a multifaceted approach is required .  and  show that
multiple  past  locations  and thus subsequent  trajectories  of  Madagascar,  India and Antarctica
have been previously proposed . Using such different reconstructions will inevitably produce
results  that differ  from those shown herein.  However,  irrespective of model  discrepancies,  it
seems plausible  that  events  on the scale  of those described herein  would be apparent  in all






























Recent work has highlighted that plate accelerations around the Cretaceous-Paleogene boundary
may in fact be a time-scale error . This assertion by  is extremely relevant to understanding the
kinematics  of  Gondwana’s  dispersal  as  it  shows  that  some  previously  interpreted  plate
accelerations (e.g., India at 67-64 Ma) cannot be certainly attributed to a plume-push signal. 
One  of  the  major  complications  in  reconstructing  the  Indian  Ocean  is  how  to  deal  with
continental  fragments  in  reconstructions  .It  has  been  shown  in  the  North  Atlantic  that  the
omission or inclusion of such continental fragments can have a profound influence on resultant
models , a known factor in the Indian Ocean . Indeed, the recognition of abundant continental
material in domains previously considered oceanic is a rapidly developing subject . 
In summary, it should be recognised that a plate reconstruction, and any parameters derived from
it, is only as good and as well constrained as the initial data it was interpreted from. Thus, critical
analysis  of  previously  published  plate  reconstructions,  as  undertaken  here,  is  essential  to
determine their robustness, as well as understanding both regional and global processes.
CONCLUDING REMARKS
This work has shown that spreading rates in the Indian and Atlantic Ocean have been partially
coupled since spreading was established in both ocean basins during the dispersal of Gondwana.
Moreover,  the nature of subduction,  followed by the collision of India with Asia influenced
Indian  Ocean spreading  rates  and  we hypothesise  that  it  may also  have  influenced  Atlantic
spreading rates.  Stresses  from the  Indian  ocean ridge may have been transmitted  across  the
African continent into the Atlantic. If correct, this demonstrates that continental dispersal is a
complex process than can be further complicated if it coincides with orogenic events such as the
collision of India-Asia. However, it is apparent that coupling of spreading in these basins may be
part of a global tectonic reorganisation event. One of the issues in testing such a global scenario
is that the timings of events are often poorly constrained, and many such occurrences happened
in close temporal proximity, making causation problematic to ascertain. Finally, although it is
important  to  study  plate  tectonics  at  a  global  scale,  relatively  localised  processes  can  have






























We would like to acknowledge volume editor Carol Stein for handling our chapter as well as the
reviews  from  Aslanian  Daniel  and  an  anonymous  reviewer.  Figure  2  is  plotted  using  the
scientific colour bars of  to prevent visual distortion. The following software was used in the
analyses presented herein: GPlates (2.2.0), GMT (6.0.0) and Spyder (3.3.6). As such, we would
like to thank the developers of these packages. Finally, we would like to thank Gillian R. Foulger











Figure  1.  An  overview  of  the  disintegration  of  Pangaea  modified  from   using  the
palaeogeographic reconstruction compiled into the PALEOMAP PaleoAtlas for GPlates  plotted






Figure 2: Half spreading rate in the Indian, Central Atlantic and Southern Atlantic Oceans with
contours of age every 10 Ma and the oceanic crust aged 50-65 Ma bounded by the red line. For
the analyses conducted in this work, the boundary of the Central and Southern Atlantic Ocean is
outlined in purple, whilst the boundary of the Indian Ocean is outlined in yellow. All oceanic







Figure 3: Velocity magnitude (cm/yr) extracted from the reconstruction of  for the major plates





Figure 4: Mean half  spreading rate  (mm/yr)  in the Atlantic  (red)  and Indian (black)  Oceans
extracted using the methodology described herein from the data compilation by . 
Figure 5: Schematic depiction of the competing forces within the Indian and Atlantic oceans
hypothesised to control spreading rates during the 90-50 Ma coupled plate velocity anomaly (not
to scale). a) ~70 Ma: Steady state spreading in the Indian and Atlantic Oceans coincident with
the closure of the Tethys. b) ~60 Ma: Ridge subduction in the Tethys Ocean results in faster
spreading along the Indian ridge, causing the spreading centre to be much hotter and faster. The
resulting stronger ridge push forces, both towards Asia and Africa, are transmitted to the Atlantic
Ocean causing a slowdown in Atlantic  spreading and subsequent  reduction in Atlantic  ridge
push. c) ~50 Ma: Collision of India with Asia removes subduction driven forces in the Indian
Ocean,  resulting in a  slowdown of spreading in  the Indian Ocean.  Consequently,  the Indian
Ridge push forces are reduced and Atlantic spreading speeds up again. 
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